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ABSTRACT 

Nine hundred and s i x t y - f i v e  n a t u r a l  r a d i o a c t i v e  occurrences  of uranium, 
some conta in ing  thorium, a r e  known f o r  Arizona. Of t h e s e ,  328 l o c a l i t i e s  
were t h e  sou rce  of 18 .1  m i l l i o n  pounds of U3O8between 1948 and 1970. About 
43  m i l l i o n  pounds of V205were p r e sen t  i n  t h e  uranium o r e s .  Ninety-nine per-  
c en t  of Arizona 's  t o t a l  p roduc t ion  i s  from t h e  T r i a s s i c - J u r a s s i c  sedimentary 
rocks  of t h e  Colorado P l a t eau ,  approximately ha I f  of which came from t h e  S a l t  
Wash Member of t h e  Morrison Formation i n  t h e  Car r izo  and Lukachukai Mountains. 
H i s t o r i c a l l y ,  on ly  a smal l  amount of uranium has  been produced from t h e  Basin 
and Range Province.  However, r e c e n t  e x p l o r a t i o n  has  shown s i g n i f i c a n t  uranium 
p o t e n t i a l  i n  l a t e  T e r t i a r y  sediments i n  t h i s  r eg ion .  

Arizona 's  l a r g e s t  s i n g l e  uranium d e p o s i t  has  been a t  t h e  Monument No. 2 
Mine of Apache County. There ,  about  5.2 m i l l i o n  pounds of U308 and n e a r l y  e leven  
m i l l i o n  pounds of V205core produced from a s i n g l e  channel  d e p o s i t  i n  t h e  
Shinarump Member of t h e  T r i a s s i c  Chinle  Formation. 

Eighteen major groupings of uranium occur rences  a r e  recognized i n  Arizona 
f o r  t h e  purposes of c l a s s i f i c a t i o n s ;  e leven  on t h e  Colorado P l a t eau  p o r t i o n  
of t h e  S t a t e ,  and seven more i n  t h e  Basin and Range-Transit ion Zone p o r t i o n .  
These a r e  summarized a s  fo l lows:  

Colorado P l a t eau  : 

1. Pennsylvanian-Permian Naco and Supai Formations 
2 .  Permian Kaibab Limes t one  

M 3. J u r a s s i c  Morrison Fm., S a l t  Wash Member 
4.  T r i a s s i c  Chinle  Fm. 
5. T r i a s s i c  Moenkopi Fm., b a s a l  p o r t i o n  + 6 .  J u r a s s i c  Kayenta Fm. 

" 7 .  J u r a s s i c  Navajo Ss.  
A 8. C r e t a c e w s  Toreva Fm., of t h e  Mesaverde Group 

9 .  Cretaceous Dakota Fm. 
0 P l a t eau  b r e c c i a  p ipes  

* 11. Pl iocene  Hopi Bu t t e s ,  f ine-gra ined  c l a s t i c s  and t u f f s  

Southern Arizona: 

k k  2 Precambrian Dripping Spring Q u a r t z i t e  
3 Cretaceous sandstone 
1 4  Oligocene, Miocene, P l i ocene ,  f ine-gra ined  c l a s t i c s  
15.  Mid-Tertiary vo l can i c  rocks  

; 6 Jurass ic-Cretaceous v o l c a n i c s ,  southernmost Arizona 
7 Laramide porphyry copper d e p o s i t s  
8 ~ e i n / p e g m a t i t e / g r a n i t e  occur rences ,  u s u a l l y  involv ing  

Precambrian c r y s t a l l i n e  t e r r a i n  

;:+<past o r  cu r r en t  major source  i n  Arizona 
'kpast o r  c u r r e n t  minor source  i n  Arizona 
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ARIZONA URAN l UM PRODUCTION, 1948-1970 

Tab le  3 



TABLE 4 
ARIZONA URANIUM PRODUCTION 

1948 - 1970 

Tons U3O8 

0 * 2  ( M a ,  Mo, P,S,Y) 
0 .4  (C,  Mo, P , S , Y )  
9 . 6  ( M a ,  P,S,Y) 

* C - Cochise,  G - G i l a ,  M a  - Maricopa, Mo - Mohave, P - Pima, S - Santa Cruz,  Y - Yavapai 

Small "no pay" shipments from Graham and Yuma counties not inc luded .  

Compiled by E l i z a b e t h  A. Learned, February,  1980 
U.S. Department of Energy 
Grand Junction Office 



TABLE 5 Summary Information of Number of Occurrences,  Number of Producers ,  and Uranium-Vanadium 
Produc t ion  L i s t e d  by County. 

County T o t a l  Number of T o t a l  Number of T o t a l  Pounds of Associated Pounds 
Occurrences and 

Mines 

-1, Producers  '3'8 " 

of V205 9;" 

Apache 

Cochise 

Coconino 

G i l a  153 18  122,213 6,493 

Graham 27 1 30 11 

Greenlee 1 0 0 0 

Maricopa 33 3 162 6 

Mohave 87 8 15,204 12,091 

Nava j o 82 34 2,764,080 2,074,161 

Pima 46 4 239 49 

P i n a l  23 0 0 0 

Santa  Cruz 26 3 2,964 2 
- 

Yavapai 55 2 33,253 10,112 

Yuma 36 1 3 0 

TOTAL 965 328 18,099,213 43,003,043 

Arizona T o t a l  
( t o  January 1, 1970) * Inc ludes  sma l l  amounts of no-pay (low grade)  o r e s  from c e r t i n  l o c a l i t i e s .  

** Only Apache County i s  probably complete.  Not a l l  Cameron, Anderson Mine, 
e t c . ,  o r e s  were assayed f o r  V 0 

2 5 



C a l e n d a r  Year  

Uranium production Monument Valley, Apache and Navajo  Counties, Arizona. 

Tab le  6 



Uranium Production Orphan Lode Mine, Coconino County, Arizona 

T a b l e  7 







Calendar Year 

Uranium production Cameron area ,  Coconino County, A rizona. 

Table 10 



ARIZONA URANIUM EXPLORATION m s  

*Statewide t o t a l  of 23 drilling p r o j e c t s ,  
w i t h  5 p r o j e c t s  in each of Gila, itlohave, and 
Y a v n p n i  c o u n t i e s ,  the remaining p r o j e c t s  Campiled frcm DOE 
i n  Cochise, Coconino, and Navajo c o u n t i e s .  statistics by 
O n e  p r o j e c t  i n  und isc losed  county .  W. Chencnveth 

Year 

1980* 

1979 

1978 

197'7 

1976 

1975 

1974 

1973 

1972 

1971 

1970 

1969 

1968 

1967 

1966 

1965 

1961 

T a b l e  II 

Year End Acres Held 
for Exploration and 
Developnent x 1,000 

--- 

I,  662 

1,282 

1,212 

1, 021 

942 

819 

754 

486 

231 

221 

272 

. --- 
--- 
--- 

2 

--- 

i 

Surface Drilling 

Number of Holes 

601 

663 

1,372 

1,035 

1,465 

1,165 

127 

50 

37 

24 

14 

415 

881 

331 

24 

73 

102 

Footage 

260,508 

378,380 

688,291 

500,382 

544,740 

176,162 

52,013 

8,750 

6,000 

2,200 

3,510 

43,203 

114,705 

69,495 

5,330 

9,508 

16,913 



APPENDIX B 
SYNOPSIS OF HISTORY AND M I N I N G  DEVELOPMENT 

Arizona Early His tory  and AEC Involvement 

1. I n  1900, f i r s t r e c o r d e d  e f f o r t s  i n  Colorado t o  e x t r a c t  uranium and 
vanadium from c a r n o t i t e  o r e s  by Cashin Copper Company. Ear ly  success  
made t h e  French owners form t h e  American Rare Metals  Mining and Manu- 
f a c t u r i n g  Company, which, i n  1901, b u i l t  t h e  f i r s t  m i l l  f o r  uranium- 
vanadium e x t r a c t i o n  from Colorado P l a t eau  o r e s  l oca t ed  a t  Stevens % 

Camp, Summit Creek, S l i c k  Rock mining d i s t r i c t .  Use of vanadium i n  
hard steel  a l l o y s  was becoming important ,  and i t s  u s e  i n  WWI war e f f o r t  
spur red  t h e  i n d u s t r y  on. 

2. During 1900-124 a  booming i n d u s t r y  i n  Colorado e x t r a c t e d  radium from 
c a r n o t i t e  and p i tchblende  o r e s  f o r  medical  use ,  based on p ioneer ing  
work of t h e  Curies  i n  P a r i s .  Between 1913 and 1919 about 39 grams of 
radium, valued a t  between 60,000 and 100,000 d o l l a r s  p e r  gram, were 
produced from Colorado P la teau  o re s .  Best o r e s  went t o  t h e  Coke Ovens 
m i l l  a t  t h e  head of Paradox Val ley,  owned by Standard Chemical Company 
of P i t t s b u r g h ,  Pennsylvania.  This  m i l l  opera ted  between 1910 and 1924. 
This i n d u s t r y  sparked e a r l y  exp lo ra t i on  i n t e r e s t  i n  NE Arizona. Amer- 
i c a ' s  radium e x t r a c t i o n  i n d u s t r y  d ied  i n  1924 upon d iscovery  of r i c h  
Belgian Congo p i tchblende  o re s .  See C ~ r r f z o  Mountains, n o t e  2. 

3. Organizat ion i n  1919 of Vanadium Corporat ion of America, which succeeded 
General Vanadium Company. They took over r o s c o e l i t e  p r o p e r t i e s  i n  
P l a c e r v i l l e  d i s t r i c t ,  owned by Primos Chemical Company. VCA became im-  
p o r t a n t  i n  t h e  vanad.ium i n d u s t r y  which w a s  r a p i d l y  growing. 

4 .  E a r l i e s t  r e p o r t s  on uranium occurrences i n  Arizona are by Gregory (1917) 
and Bu t l e r  and Al len  (1921) f o r  Monument Val ley,  and by But le r  and Allen 
(1921) f o r  t h e  Tombstone a r e a  and t h e  Santa  R i t a  Mountains. An unpub- 
l i s h e d  r e p o r t  by S taver  (1921) d i scussed  vanadium-uranium o r e s  i n  t h e  
S a l t  Wash sediments of t he  e a s t e r n  Car r izo  Mountains of Arizona and New 
Mexico. F. L. Hess d iscussed  Car r izo  Mountains vanadium occurrences i n  
1933 AIME Lindgren volume. 

5. Early mining f o r  vanadium dur ing  1942-1944 i n  Monument Val ley  and Car r izo  
Mountains by VCA, spur red  by promotional a c t i v i t y  i n  t h e  f e d e r a l  govern- 
ment 's  Metal Reserves Company regard ing  vanadium procurement. 

6. AEC (Atomic Energy Commission) was c r ea t ed  i n  1947. That yea r ,  f i r s t  
c o n t r a c t s  s igned wi th  VCA f o r  mining. Begin mining f o r  uranium i n  Monu- 
ment Val ley and Car r izo  Mountains i'n 1948. 

7. In  1948-1949 AEC announced ore-buying schedules  and o t h e r  i n c e n t i v e s  
which s t imu la t ed  prospec t ing  i n t e r e s t  throughout t h e  S t a t e s  (C i r cu l a r s  
1-5). These c i r c u l a r s  announced, among o the r  t h ings ,  p r i c e s  pa id  f o r  
c e r t a i n  types of high-grade o r e s  and c a r n o t i t e - r o s c o e l i t e  o r e s ,  and bonus 
payments f o r  o r e s  assay ing  b e t t e r  than  c e r t a i n  cut-off g rades ,  f o r  o r e s  
purchased be fo re  March 31, 1962. 



8. To encourage development of new domestic uranium s u p p l i e s ,  AEC 
announced C i r c u l a r  6,  i s sued  e f f e c t i v e  March 1, 1951. C i r c u l a r  6  
o f f e r ed  a  bonus payment on t h e  f i r s t  10,000 l b s  of U308 suppl ied  by 
any p rope r ty  o r  mine i n  a d d i t i o n  t o  t h e  C i r c u l a r  1-5 p r i c e  schedules ,  
f o r  those  mines which had n o t  produced any uranium p r i o r  t o  t h a t  t i m e .  
For o r e s  t h a t  c o n t i n u a l l y  maintained more t han  0.20% U308, an opera- 
t i o n  could r e c e i v e  up t o  $35,000 i n  C i r c u l a r  6 bonus payments. The 
o r i g i n a l  C i r c u l a r  6  program r a n  u n t i l  March 31, 1960. 

9. Nationwide, t h e  s ea r ch  f o r  uranium proved s o  s u c c e s s f u l  t h a t  i n  1961  
t h e  AEC announced t h a t  purchases  of uranium o r e  a f t e r  A p r i l  1, 1962, 
would be  l i m i t e d  t o  annual  quotas  a l l o c a t e d  t o  i n d i v i d u a l  p r o p e r t i e s .  
Also from t h a t  d a t e  u n t i l t h e  end of 1966, i n s t e a d  of buying o r e  a t  t h e  
graduated p r i c e s  p r ev ious ly  i n  e f f e c t  , t h e  Commission would pay $8.00 
pe r  pound f o r  U308 i n  concen t r a t e s  produced most ly  from r e s e r v e s  d i s -  
covered b e f o r e  November 24 ,  1958. A s  a  r e s u l t  of t h i s  change, t h e  pro- 
duc t ion  of uranium i n  t h e  United S t a t e s  dec l i ned  i n  1961 f o r  t h e  f i r s t  
t ime s i n c e  1948. I n  1962, t h e  AEC proposed t o  cont inue  t h e  purchase 
of uranium u n t i l  1971 from those  s u p p l i e r s  who would a g r e e  t o  d e f e r  
d e l i v e r y  of a  p a r t  of t h e i r  pre-1966 quotas  u n t i l  1967 and 1968, w i t h  
t h e  p r i c e  pa id  i n  1969 and 1970 no t  t o  exceed $6.70 per  pound of U308. 
This was t h e  so-ca l led  "s t re tch-out"  program. S ince  January 1, 1971, 
when t h e  AEC ceased i t s  procurement program, t h e  on ly  market f o r  uranium 
has  been t h e  nuc l ea r  e l e c t r i c a l  power i n d u s t r y .  

10. The Tuba C i ty  m i l l  d i d  n o t  " s t re tch-out , "  and t h e i r  c o n t r a c t  w i t h  AEC 
expired December 31, 1966. 

11. Other m i l l s  r e c e i v i n g  Arizona produc t ion  which d i d n ' t  " s t re tch-out"  
were t h e  Climax Uranium Corporat ion m i l l  a t  Grand Junc t i on  and t h e  C o t t e r  
Corporat ion m i l l  a t  Canon C i ty ,  Colorado. The A t l a s  Minera l s  m i l l  a t  
Mexican Hat c losed  i n  1965, bu t  t h e i r  c o n t r a c t s  were conso l ida t ed  w i t h  
t h e  Moab m i l l  c o n t r a c t ,  which "s t re tched-out" .  

12. AEC buying s t a t i o n  and m i l l  a t  Mont ice l lo ,  Utah, c lo sed  December 31, 
1959. VCA m i l l  a t  Shiprock c losed  1968 due t o  l a c k  of o r e .  Rare Meta l s  
m i l l  a t  Tuba Ci ty  c losed  September, 1966, due t o  c l o s i n g  of Orphan Lode 
i n  August, 1966. 
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Car r izo  Mountains. 

1. Urani'um-hearing ou tc rops  discovered i n  1918 by John Wade of Farmington, 
New Mexico, who opera ted  t h e  Sweetwater Trading Pos t .  H e  and l o c a l  
Navajos l o c a t e d  numerous ore-bear ing ou tc rops  i n  e a s t e r n  Ca r r i zos ,  w i t h  
b e s t  ones near  MI?-16. 



2. Wade, ope ra t i ng  as t h e  Ca r r i so  Uranium Company, acqui red  41 c la ims  ! 
around MP-16 i n  1920, and h i r e d  Navajos t o  mine high-grade o r e  f o r  i 
radium con ten t  (probably i n  p a r t  a t  Syracuse (RF&R) Mine), Thir ty-  i 

seven gunny sacks  were shipped t o  Bec l ab i t o  T. P. i n  1921 (? )  and 
even tua l l y  t o  Colorado where s e v e r a l  companies were buying radium o r e s .  

I 
1 

A probable  buying p o i n t  was Standard Chemical Company's Coke Ovens 
s t a t i o n  n e a r  Na tu r i t a .  The market f o r  vanadium t h a t  Wade was a n t i c i p a t i n g  
never m a t e r i a l i z e d  and ope ra t i ons  ceased.  Area remained i n a c t i v e  u n t i l  
t h e  1940 's .  

3. I n  la te  1941, VCA (Vanadium Corporat ion of America) en t e r ed  i n t o  a lease g 
arrangement w i th  t h e  Navajo T r ibe  f o r  t h e  1 7  p l o t s  i n  t h e  Ves te rn  Ca r r i zos  
which they  mined dur ing  1942-44 ("West Reserva t ion  Lease"). VCA o r e  was 

B 
t rucked t o  Mont ice l lo .  I n  J u l y  1942 they  l ea sed  1 2  p l o t s  i n  t h e  Eas te rn  
Car r izos  of Arizona and New Mexico (''East Reserva t ion  Lease"). 

d 
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4. I n  1942 t h e  f e d e r a l  government formed the Metal Reserves Company t o  
exped i t e  domestic vahadium produc t ion  f o r  t h e  war e f f o r t .  This  program 
s t imu la t ed  i n t e r e s t  i n  t h e  Ca r r i zos  and elsewhere.  M i l l s  were cons t ruc t ed  
a t  Mont ice l lo ,  Utah,and Durango, Colorado, and opera ted  by VCA and USV, t 

r e s p e c t i v e l y .  

5. Ear ly  i n  1942, Curran Bro thers  and Wade CCB&W) of Farmington, New Mexico, I 
! 

obta ined  a p rospec t ing  l e a s e  from t h e  U.S. Ind ian  Serv ice ,  Navajo agency E 

and s e l e c t e d  two p l o t s ,  Syracuse and Va l l ey  V i e w ,  f o r  mining. Seve ra l  
Curran b r o t h e r s  had previous exper ience  i n  Utah-Colorado p rospec t i ng  f o r  4 

uranium. B 
6. During 1942-1944, Wade, Curran and Company developed t h e  Mar t in ,  Saytah,  

Saytah Canyon, Main C l a i m ,  Eurida,  and Syracuse (RF&R) Mines. Ore mined 
by Wade, Curran and Company was shipped by t ruck  and - r a i l  t o  N e t a l  Re- 
s e r v e ' s  mill1 a t  Durango. VCA shipped ore  from west r e s e r v a t i o n  p l o t s  1 
and 6-13 du r ing  1443-44 t o  i t s  m f l l  a t  Mont tce l lo ,  Utah. 

To t a l  1942-44 produc t ion  from t h e  Ca r r i zos  (Martin, North Mar t in ,  Saytah, 
Main Claim (W), Saytah Canyon, Eurida and Rat t l esnake  Mines p l u s  mines 
near  mi l epos t  16 along Arizona-New Mexico border )  t o t a l  8,400 tons  @ 2.18% 
V205 and about  0.17% U308 . Much of t h e  uranium l e f t  behind i n  the m i l l  
t a i l i n g s  a t  Durango, Colorado and Mont ice l lo ,  Utah, were reprocessed  a t  
Durango f o r  uranium i n  t h e  l a t e  f o r t i e s  a s  p a r t  of t h e  Manhattan P r o j e c t .  
The Metal  Reserve 's  program terminated March, 1944, r e s u l t i n g  i n  s h u t t i n g  
down of Ca r r i zo  vanadium mines. 

8. Union Mines Development Corporat ion (UMDC) was organized i n  1943 by t h e  
Army Corps of Engineers under t h e  Manhattan P r o j e c t  t o  e v a l u a t e  uranium 
resources  of t h e  S a l t  Wash Member of t h e  Morrison Formation (and t h e  
Entrada Formation i n  Colorado) on t h e  Colorado P l a t eau .  UMDC'S ch i e f  
f i e l d  g e o l o g i s t ,  based a t  t h e i r  Grand Junc t i on  f i e l d  o f f i c e ,  w a s  Benjamin 
N. Webber. P a r t y  c h i e f s  i n  Arizona inc luded  John Harshbarger ( f o r  Eurida 
and Segi  Ho Cho a r e a s )  and A. H. Coleman (for  e a s t  Car r izo  a r e a ) .  Elements 
of UMDC involvement and works a r e  found i n  RMO-444 by E. H. Eakland, Jr. 
( 1 s t  Eurida P a r t y  c h i e f ) ,  and RMO-437 ( f i n a l  r e p o r t  of UMDC), and RMO-1000 
(summary of Colorado P l a t eau  work). UMDC was a c t i v e  through 1946. UMDC 
g e o l o g i s t s  recommended t h e  a c q u i s i t i o n  of 960 a c r e s  i n  t h e  wes te rn  and 



Carr izo  Mountains (continued) 

northwest Ca r r i zos  by f e d e r a l  government l e a s e s  t h a t  they  thought  had 
t h e  b e s t  uranium p o t e n t i a l .  Although UMDC knew about  Monument Val ley  
occurrences ,  they  d i d  no work i n  t h a t  reg ion .  

9. I n  1947 t h e  AEC was c r ea t ed  and began a procurement program on t h e  
Colorado P l a t eau ,  F i r s t  procurement c o n t r a c t s  w i th  VCA s igned May 1947. 

10. Mining f o r  uranium f o r  t h e  AEC was resumed by VCA i n  la te  1948. Ore 
was hauled f i r s t  t o  Na tu r i t a ,  Colorado, and later  t o  Durango, Colorado. 
Ear ly  independent miners  shipped o r e  t o  Durango. 

11. I n  February,  1949, a c o n t r a c t  between AEC and VCA a l lowing  purchases  
of concen t r a t e s  from VCA's  Durango m i l l  i n c r ea sed  VCA Ca r r i zo  produc t ion .  

1 2 .  I n  January,  1952, AEC opened a buying s t a t i o n  a t  Shiprock, New Mexico, 
f u r t h e r  boos t i ng  product ion from Car r i zos .  

1.3. New AEC and company d r i l l i n g  s t a r t e d  i n  1953, r e s u l t i n g  i n  renewed mining 
along Saytah Wash and Cove Mesa. Most p roduc t ive  y e a r s  were 1955-1959 f o r  
t h e  Car r izos .  La t e  1954, Kerr-McGee Shiprock m i l l  opened, which r ece ived  
o r e  from independent mines. AEC Shiprock buying s t a t i o n  c losed .  

14 .  1963-1966 produc t ion  came from Kerr MeGee's Block K Mine (discovered by 
a s i n g l e  AEC d r i l l  h o l e ) ,  Cove Mesa p l o t  7 ,  Cato s e l l s '  Cove Mesa Mines, 
V C A ' s  P l o t  6 and ad j acen t  Hoskie Henry p r o p e r t i e s .  

15.  Las t  shipments made i n  1966 a s  known o r e  bodies  were dep le ted .  

16.  To t a l  Car r izo  Mountains product ion,  i nc lud ing  New Mexico's m a j o r i t y  of 
e a s t e r n  Ca r r i zo  a r e a ,  i s  119,558 t o n s  con t a in ing  524,827 l b s  U308 and 
4,650,980 l b s  of V205. Arizona 's  p o r t i o n  of t h i s  i s  90,300 t ons  conta in-  
i n g  364,900 l b s  U308and 3,166,200 lbs V2O5. 

Lukachukai Mountains 

1. Only t h e  northwest  t i p  of t h e  mountains were examined i n  1943-1946 by 
UMDC (Union Mines Development Corpora t ion)  personne l .  Due t o  l a c k  of 
occurrences  on Mexican Cry Mesa, and t h e  f a l s e  b e l i e f  t h a t  t h e  pre- 
Chuska unconformity c u t  ou t  a l l  S a l t  Wash ou tc rops  t o  t h e  s o u t h e a s t ,  
t h e  UMDC dec l a r ed  t h e  Lukachukais t o  be a n  unpromising a r e a  f o r  f u r t h e r  
search ing .  (UMDC had been organ ized  f o r  under t h e  d i r e c t o r s h i p  of t h e  
Army Corps of Engineers,  and g iven  t h e  t a s k  of a cces s ing  t h e  n a t i o n ' s  
uranium p o t e n t i a l ) .  

2. Dan Hayes, r a i s e d  near  Hi te ,  Utah, p rospec ted  f o r  copper nea r  h i s  home 
on cla ims o r i g i n a l l y  worked by h i s  f a t h e r .  I n  1948 he s o l d  t h e  c la ims ,  
l oca t ed  i n  e a s t e r n  Utah 's  White Canyon area, t o  Cooper-Bronson Mining 
Company which developed them i n t o  t h e  r i c h  Happy Jack  Mine, a copper- 
uranium a s s o c i a t i o n  i n  Moenkopi Formation. Hayes a l s o  he ld  v a l u a b l e  
c la ims i n  Lisbon Val ley nex t  t o  t h e  f abu lous  f i n d  i n  1952 by C h a r l i e  
Steen of h i s  M i  Vida Mine. 



Lukachukai Mountains (cont inued)  

3. Dan P h i l l i p s ,  Koley Black (- local  Navajos) and Dan Hayes prospected i n  
1949 i n  t h e  Lukachukais sou th  of Cove Scboo1 and s t aked  claims which 
bore  t he  names of t h e  two Navajos. W i l l i e  Cisco, another  Navajo pros- 
pec to r ,  showed o r e  samples from the  souths ide  Lukachukai mesas t o  geol- 
o g i s t s  of t h e  Walter Duncan Mining Company of Cortez,  Colorado. F. A. 
S i t t o n  of Dove Creek, Colorado, followed advice  of Hayes, and nego t i a t ed  
wi th  t h e  B. I .A .  and Navajo Tr ibe  t o  ob t a in  f i r s t  Lukachukai mining permi ts .  
He organized F. A. S i t t o n ,  Inc.  and b u i l t  f i r s t  roads  up Mesa I i n  1950 
and i n i t i a t e d  shipments of o r e  ou t  of Lukachukais i n  t h a t  year .  H e  
shipped from Mesas I, I1 and I V .  

4. Climax Uranium Company began prospec t ing  about t h i s  same time and acquired 
mining permits  on Mesa IV% from Frank Nacheenbetah i n  1950. 

5. I n  August,1951 t h e  Navajo Uranium Company of Cortez,  Colorado, (under 
R. 0. Dulaney, Jr., Edward Key, Jr., and "Buffalo" Kennedy) acquired 
s i t t o n ' s  i n t e r e s t  and cont inued mining on Mesa 11, e t c .  

6 .  AEC began d r i l l  p r o j e c t s  i n  1950 and b u i l t  more acces s  roads .  By sp r ing  
1951, d r i l l  programs were i n  progress  on Mesas I, 11, 111 and IV .  AEC 
d r i l l  programs r an  u n t i l  August, 1955. 

7. Transfer  of Navajo Uranium Company's i n t e r e s t s  t o  Kerr-McGee O i l  Indus- 
t r i e s ,  Inc. ,  approved by t h e  B. I .A.  January 26, 1953 c t r a n s f e r  of ope ra t i ons  
underway i n  f a l l ,  1952).  Kerr-McGee w a s  t he  f i r s t  major o i l  company t o  
engage i n  f u l l - s c a l e  uranium explora t ion .  Kennedy was r e t a i n e d  a s  manager 
of  err-~cGee's Navajo Uranium Explorat ion Divis ion.  

8. AEC buying s t a t i o n  opened i n  Shiprock, New Mexico i n  January 1952. Kerr- 
McGee b u i l t  a m i l l  t h e r e  which began ope ra t i ng  i n  October,  1954. 

9 .  VCA acquired Kerr -~cGee ' s  Shiprock m i l l  and Lukachukai l e a s e s  i n  March, 
1963 wi th  B. I .A.  approval  on J u l y  29, 1963. The m i l l  f i n a l l y  c losed  i n  
1968 due t o  l a c k  of o r e .  

10. Climax Uranium Corporat ion p r o p e r t i e s  (Frank #l, Frank Jr . ) shipped t h e i r  
o r e  t o  t h e  Climax m i l l  a t  Grand Junc t ion ,  Colorado. S ince  Climax d i d n ' t  
p a r t i c i p a t e  i n  t h e  A E C t s  s t r e t ch -ou t  program (see n o t e  l a t e r ) ,  t h e i r  
product ion i n  1966-67 went f o r  non-AEC s a l e s  t o  e l e c t r i c  u t i l i t y  companies. 

11. F i n a l  shipments from t h e  Lukachukais i n  May, 1968. 

12. Foote Minerals  of Na tu r i t a ,  Colorado, purchased VCA i n t e r e s t s  around 1970. 
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Monument Val lev 

1. C a r n o t i t e  noted by Gregory. i n  1917 (USGS Prof .  Paper 93) .  

2. VCA l e a sed  ore-bear ing ou tc rops  i n  August, 1942 ( p r o p e r t i e s  became 
Monument # ' s  1 and 2 ) .  

3. 1942-44 vanadium o r e s  were shipped t o  Mont ice l lo ,  Utah ( a  few 
thousand t ons  came from Monument 1 - no Monument 2 p roduc t ion  dur ing  
1942-44 can be  confirmed).  

4.  Mining resumed a t  Monument 1 and 2 i n  1948 by VCA under AEC program. 
Ore shipped t o  VCA m i l l  a t  N a t u r i t a ,  Colorado, l a t e r  Durango. 

5. Ear ly  non-VCA o r e  shipped t o  AEC m i l l  a t  Mont ice l lo  (1948 - e a r l y  
1950' s )  . 

6. D r i l l i n g  i n  1955-56 l oca t ed  l a r g e  d e p o s i t s  i n  t h e  Oje tah  s y n c l i n e  
(Moonli'ght, S t a r l i g h t ,  e t c . ) .  

7 .  From 1955-1968, VCA opera ted  a concen t r a to r  p l a n t  l o c a t e d  one m i l e  
e a s t  of Monument 2 Mine, b u i l t  because of h igh  t r a n s p o r t a t i o n  c o s t s  
of low-grade o r e s  t o  t h e i r  Durango o r  Shiprock m i l l s .  From summer 
1955 t o  J u l y  1964 a mechanical s e p a r a t o r  concent ra ted  h igh  grade  
slimes from low grade sand r e s i d u e s .  From 1964 t o  1968 a heap l e a c h  
f a c i l i t y  produced yellowcake from low grade  new o r e  and sand r e s i d u e .  
Monument 2 o r e s  were f u r t h e r  processed a t  'VCA f a c k l 2 t i e s  a t  N a t u r i t a  
i n  1948-1958, Durango i n  1449-1963, and Shkprock i n  1963-1968. 

8. During 1957-1963, a m i l l  a t  ~ e x i c a n  H a t ,  Utah was opera ted  by TZ 
minera l s  (T~exas-zinc) f o r  Texaco and New Je r sey  Zinc,  and by A t l a s  
Minerals  i n  1963-65. This m i l l  recovered copper from%onument Val ley  
o r e s .  Nearly a l l  of t h e  'Monument Va l l ey  VCA o r e s  were processed h e r e .  
Some sma l l  o p e r a t o r s ,  d i s t r u s t f u l  of TZ,  sh2pped t h e i r  o r e s  t o  Tuba 
C i ty ,  Arizona. 

9. Las t  Monument Val ley o r e  w a s  from Monument # 2  i n  1969, j u s t  a f t e r  t h e  
VCA m i l l  a t  Shiprock closed.  Th i s  shipment went t o  A t l a s  Minera l s  
Moab m2ll .  
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Cameron Area 

1. Hosteen Nez, an independent Navajo p rospec to r ,  found uranium o r e  i n  
t h e  Kayenta Formation e a s t  of Cameron i n  19.50 and had M r .  L; Hubbell ,  
t h e  t r a d e r  a t  Winslow, confirm t h e  i d e n t i f i c a t t o n  w i th  AEC personne l .  
Ear ly  shipments were made t o  Durango f o r  low l2me o r e ,  and t o  Monti- 
c e l l o  f o r  h igh  l ime o re .  



Cameron Area (cont inued)  

2 .  AEC-BIA n e g o t i a t i o n s  i n  1949-50 a t  Window Rock allowed f o r  t h e  h i r i n g  
of l o c a l  Navajo uranium p rospec to r s  by Walker-Lybarger Cons t ruc t ion  
Company (AEC prime c o n t r a c t o r ) .  C h a r l i e  Auskon, a Cameron r e s i d e n t ,  
became such a p rospec tor  and l o c a t e d  a number of Chinle  Formation 
occurrences  i n  1951. Mining permi t s  given t o  him by t h e  Navajo T r ibe  
were used f o r  mining t h e  Huskon orebodies  by the  Arrowhead Mining 
Company of Grand Junc t i on ,  Colorado. The Navajo prospec tor  program 
was more s u c c e s s f u l  a t  Cameron than  a t  any o t h e r  reg ion  on t h e  Reser- 
va t i on .  

3. Ear ly  shipments of o r e  went t o  Mont ice l lo ,  Utah. 

4.  Arrowhead Uranfum Company began shtpments f n  1953 t o  Bluewater, New 
Mexico from Huskon 1-8, 10. 

5. Product ion down i n  1955, wa i t i ng  f o r  l o c a l  market f o r  t h e  o r e ,  

6. AEC opened buying s t a t i o n  on January 1 2 ,  1956 a t  Tuba Cj ty .  Rare 
Meta l s  Corporat ion of America bought o u t  Arrowhead i h t e r e s t s  ( i nc lud ing  
most of t h e  Charles  Huskon p r o p e r t i e s )  In  February,  1455 and opened 
t h e i r  m i l l  a t  Tuba Cf ty  i n  J u l y ,  19'56. F i r s t  concen t r a t e  purchased 
by AEC from t h e  m i l l  J u l y ,  1956. 

7. a .  The Tuba C i ty  m i l l  was cons t ruc t ed  t o  r e c e i v e  Cameron a r e a  o r e s .  
Its l i f e t f m e  was extended a s  a r e s u l t  of agreements t o  p roces s  
Orphan Lode o re s .  I n  e a r l y  ope ra t i ons ,  about 300 tons  of o r e  
pe r  day were processed us ing  a n  a c i d  leach ,  sand-slime s e p a r a t i o n  
and resin-in-pulp i o n  exchange process .  Hfgh l i m e  o r e s  from t h e  
Orphan r equ i r ed  t h e  i n s t a l l a t i o n  of a carbona te  l e a c h  c i r c u i t  
which was o p e r a t i o n a l  &r ing  1963-1965. 

b.  During i ts  l i f e t i m e ,  t h e  m i l l  r ece ived  a d d i t i o n a l  o r e s  from t h e  
fol lowing a r e a s :  Independent Monument Val ley  producers  on M i t c h e l l  
Mesa and Hoskinnini  Mesa, most Black Mountain o r e s ,  t h e  l a s t  o r e s  
from t h e  Anderson Mine and t h e  S i e r r a  Anchas, t h e  S t a r  Claims of 
Cochise County, and t h e  s o l e  shipment from t h e  Morale Claim of t h e  
Hopi But tes .  

c. Robert S. Sh r ive r ,  ope ra to r  of t h e  Rebel. Mine, Deer F l a t s  a r e a  of 
White Canyon, Utah, shipped t o  Tuba C i ty  f o r  six months o r  so .  
These may r e p r e s e n t  t h e  only o r e s  processed h e r e  which o r i g i n a t e d  
from o u t s i d e  Arizona. He a l s o  opera ted  t h e  Mi t che l l  Mesa p rope r ty  
of Navajo County, where he  s u f f e r e d  f a t a l  i n j u r i e s  wh i l e  hau l ing  
o r e  a lone  a t  t h e  mine i n  1962. 

d. When t h e  AEC c losed  t h e  Cu t t e r   l lobe) buying s t a t i o n  i n  June, 
1957, s t o c k p i l e s  of o r e s  from t h e  Anderson Mine were bought by 
t h e  Kerr-McGee m i l l  a t  Grants ,  wh i l e  s t o c k p i l e s  of Dripping Spring 
( S i e r r a  Ancha) o r e s  and misce l laneous  o r e s  were bought by Rare 
Metals '  Tuba City m i l l .  

e. M i l l  ownership merged i n t o  E l  Paso Natura l  Gas Company i n  J u l y ,  1962. 



Cameron Area (cont inued)  

7. f .  With t h e  a l k a l i n e  l e ach  c i r c u i t  s t a r t i n g  i n  A p r i l ,  1963, due 
t o  high-lime o r e  from t h e  Orphan Lode, t h e  p l a n t  t r e a t e d  200 
tons  p e r  day u n t i l  i t  c lo sed  i n  September, 1966. 

g. During i t s  l i f e t i m e ,  t h e  Tuba Ci ty  m i l l  processed 800,000 t o n s  
of o r e  w i th  average  grade  of 0.33% U308 and produced 2,348 t o n s  
of U308 i n  concen t r a t e  form. 

8. Peak product ion i n  1956 from Cameron a r e a  mines. 

9. Most s i g n i f i c a n t  Cameron area mines were Jack  Danie l s  (39,800 t ons  
dur ing  1956-1963); Charles  Huskon 114 - Paul  Huskie 113 (37,800 t o n s  
dur ing  1953-1960) ; Charles  Huskon 113 (27,300 tons dur ing  1953-1961) ; 
Charles  Huskon 111 (23,100 t ons  dur ing  1951-1961); and Ramco 1/20 
(22,600 tons  dur ing  1956-1960). Rare Meta l s '  Ramco p i t s  c o l l e c t i v e l y  
produced about  47,600 tons  of o r e  between 1956 and 1960. Rare Metals 
a l s o  acqui red  Charles  Huskon Mines ill, 3 ,  5-8, 10-12, 14 ,  1 7  and 26 
from Arrowhead i n  1955. Char les  Huskon Mines 114, 9 ,  18 ,  1 9  and 20 
were operated by UTCO Uranium Corporat ion dur ing  1956-1959. 

10. Late  product ion (1961-63) i s  recorded from Charles  Huskon 111, 3, 6 ,  
10, 11, 12  and 17 ; .  Evans Huskon 112; Jack Danie l s ;  J u l i u s  Chee 113; 
Yazzie 112, 101  and 312; and Sec t i on  9. 

11. Cameron d i s c o v e r i e s  i n  t h e  e a r l y  1950 's  l e d  t o  cons ide rab l e  p rospec t i ng  
around t h e  Black Mesa ba s in ,  b u t  no si:m2lar depos2 t s  were found o u t s i d e  
of some a l r eady  known ones around Holbrook. 

References  

El l swor th  (AEC TM-7, 1952) 
Akers,  e t  a 1  (.1962, GQ-162) 
Chenoweth and Malan (1973) 
ERDA Report GJT-5(77) - Engineer ing Accessment of Tuba Ci ty  T a i l i n g s  

Orphan Lode 

1. Or ig ina l  Orphan Lode cla im s t aked  by Danie l  L. Hogan and Henry Ward 
i n  1893. 

2. Continued copper p rospec t ing  through e a r l y  1920 ' s .  Hogan pa t en t ed  t h e  
c la im i n  1906, t h r e e  yea r s  b e f o r e  t h e  es tab l i shment  of Grand Canyon 
Nat iona l  Park.  Pa t en t  papers  s igned  by P re s iden t  Theodore Roosevel t .  
Hogan had been one of ~ o o s e v e l t ' s  "Rough Riders" i n  Cuba. 

3. Claim s o l d  t o  Madeline Jacobs i n  August, 1946. 



Orphan Lode (cont inued)  

4. Rad ioac t i v i t y  i n  o r e  samples from o l d  workings noted by Harry Granger, 
USGS, i n  1951. (Tested samples were i n  a garage i n  P r e s c o t t ) .  

5. Golden Crown Mining Company acqui red  mine ra l  r i g h t s  i n  1953. F ive  
s h o r t  j ack  hammer h o l e s  d r i l l e d  i n  o l d  Hogan a d i t  i n  1955-56. 

6. Based on d r i l l i n g  r e s u l t s  a n  e a r l y  tramway was cons t ruc t ed  i n  March, 
1956, bu t  proved i n e f f e c t i v e .  A second tramway w a s  b u i l t  i n  May, 1956. 

7. F i r s t  o r e  shi.pped A p r i l ,  1956. Ear ly  production was about 1,000 t ons  
pe r  month @ 1.0% U308. 

8. D r i l l i n g  i n  1958-59 l o c a t e d  ' ' B ~  o r e  zone and t h e  annula r  r i n g  o r e  zone. 

9. A 1,600 f t  s h a f t  and 1,400 f t  c r o s s  c u t  t o  t h e  400 f t  mine l e v e l  were 
completed i n  1959. I n  August, 1959 i n i t i a l  o r e  removal through t h e  
s h a f t .  P roduc t ion  i nc r ea sed  t o  7,000 t ons  pe r  month a t  a lower grade  
of 0.40 - 0.45% U308. 

10. Ore b i n  on headframe co l lapsed  i n t o  s h a f t  i n  December, 1961; mine s h u t  
down and Tuba C i ty  m i l l  c losed .  

11. B i l l  t o  mine i n  Park Serv ice  l and  o u t s i d e  (north)  of c la im passed 
U.S. Congress May, 1962, i n  exchange f o r  NPS ownership of t h e  c la im 
25 y e a r s  hence, i n  1987. Tuba C i ty  m i l l  converted t o  a l k a l i n e  l e ach  
c i r c u i t  i n  1962 t o  handle  high-lime Orphan o r e s ,  and began renewed 
a c t i v i t y  i n  March, 1963. I 

12. Mining resumed a t  Orphan i n  November, 1962. 

13. Tuba Ci ty  m i l l  (Rare Metals Corporat ion of America) c o n t r a c t  w i th  AEC 
expi red  a t  end of 1966. This  p l u s  f i n a n c i a l  t r o u b l e s  of Western E q u i t i e s  
(owners s i n c e  1961) caused mine t o  c l o s e  i n  August, 1966. The t r o u b l e s  
included FTC suspension of Western Equ i t i e s  s t o c k  on t h e  Exchange due 
t o  "s tock manuvering" by Westex personnel .  

14.  Co t t e r  Corporat ion of Canon Ci ty ,  Colorado acqui red  Orphan from bank- 
rup tcy  c o u r t  i n  1967. Mine opened and shipments began t o  t h e  company 
m i l l  v i a  r a i l r o a d  i n  1967. C o t t e r ' s  AEC c o n t r a c t  had expi red  s o  they  
made s a l e s  t o  e l e c t r i c  u t i l i t i e s .  

15. Due t o  h igh  c o s t s ,  e t c .  , Orphan c losed  i n  A p r i l ,  1969. 
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Other P a r t s  of Colorado P l a t eau  

I. I n t e n s i v e  prospec t ing  throughout t h e  Colorado P l a t eau  l o c a t e d  
most s u r f a c e  occur rences  by t h e  e a r l y  1950 ' s .  

2. Uranium was discovered i n  t h e  o l d  copper mine i n  Hack Canyon. 
I n i t i a l  shipments made i n  1950 t o  AEC buying s t a t i o n  a t  Marysvale,  
Utah. 

3. Uraniferous p e t r i f i e d  wood loca t ed  i n  Marble Canyon a r e a .  Shipments 
i n  1949-50 made t o  AEC buying s t a t i o n  i n  Mont ice l lo ,  Utah. 

4. S a l t  Wash d e p o s i t s  nea r  Rough Rock (Black Mesa a r e a )  shipped by 
Tom Klee and Tom Wilson t o  Mont ice l lo ,  Utah and Durango, Colorado 
i n  1951 and 1953. 

5. USGS loca t ed  s e v e r a l  u r an i f e rous  d ia t remes  i n  t h e  Hopi Bu t t e s  i n  
1952. Product ion from Morale c la im began i n  1954. 

6. Ruth and o t h e r  d e p o s i t s  near  Holbrook made i n i t i a l  shipments t o  
Bluewater, New Mexico i n  1953. 

7. Toreva d e p o s i t s  nea r  Tah Chee School (-Black Mountain a r e a )  shown t o  
AEC g e o l o g i s t s  i n  1954. Product ion from t h e  a r e a  s e n t  t o  Bluewater,  
New Mexico s t a r t i n g  t h a t  year .  

Basin and Range Country 

1. USGS repor ted  p i t chb l ende  a t  t h e  Happy Jack  Mine, Wrightstown d i s t r i c t ,  
Santa  Cruz County i n  1917 (USGS Bul le tSn  624 by Schrader) .  

2. C a r n o t i t e  r epo r t ed  nea r  Tombstone by B u t l e r  and Al len  (1921). 

3. The AEC procurement program, s t a r t e d  i n  1947, i n i t i a t e d  a massive pros- 
pec t i ng  e f f o r t  throughout t h e  Basin and Range country.  By t h e  e a r l y  
1950 's  most of t h e  s u r f a c e  occur rences  had been l oca t ed .  Prospec t ing  
was i n i t i a l l y  confined t o  t h e  ranges ,  w i th  ve ry  l i t t l e  e f f o r t  i n  t h e  
b a s i n  f i l l .  

4. Ear ly  producers  were: 

H i l l s i d e  Mine, Yavapai County (195O), 
White Oak Mine, Santa  Cruz County (1951-52) and 
Red Bluff Mine, G i l a  County ( l oca t ed  1950, produced i n  1953) 

A l l  o r e  was shipped t o  AEC buying s t a t i o n  a t  Mont ice l lo ,  Utah where 
t h e r e  were no r e s t r i c t i o n s  on t h e  type  of o r e  accepted.  

5. Development was h indered  by l a c k  of market ( l oca l  buying s t a t i o n )  
a l though t h e  AEC pa id  s i x  c e n t s  p e r  t on  m i l e  f o r  t h e  f i r s t  100 m i l e s  
of sh ipp ing  d i s t a n c e ,  t o  encourage mining as announced i n  C i r c u l a r  5.  



Basin and Range Country (cont inued)  

6. Due t o  i n t e n s e  a c t i v i t y  i n  t h e  S i e r r a  Ancha t h e  AEC e s t a b l i s h e d  an  
o r e  buying s t a t i o n  a t  t h e  Cu t t e r  s i d i n g  j u s t  east of Globe, which 
opened J u l y  5, 1955. Ores were rece ived  h e r e  from southern  Arizona, 
sou thern  New Mexico, and southern  C a l i f o r n i a ,  The buying s t a t i o n  
closed because of l a c k  of o r e  on June 30, 1957. 

7 .  Af te r  c l o s u r e  of t h e  Cu t t e r  buying s t a t i o n ,  S i e r r a  Ancha and Anderson 
Mine o r e s  were shipped t o  t h e  AEC buying s t a t i o n  a t  Grants ,  New Mexico. 

8. The Anderson Mine of Yavapai County shipped t o :  

AEC Cu t t e r  dur ing  1955-57, 
AEC Grants  dur ing  1957, 
and Rare Metals  M i l l  a t  Tuba C i ty  i n  1958-59. 

The Anderson Mine o r e  a t  Cut te r  was l a t e r  purchased from AEC by 
Kerr-NcGee a t  Grants;  t h e  o t h e r  Cu t t e r  o r e s  were purchased by Rare 
Metalsv Tuba C i ty  m i l l .  

9. Some of t h e  l a s t  product ion under t h e  AEC buying program i n  t h e  Basin 
and Range Country came from t h e  Hope and L i t t l e  Joe  Nines (Gi la  County) 
and t h e  S t a r  c la ims  (Cochise County). This  o r e  was shlpped t o  Tuba City.  
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